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ABSTRACT 
 
To identify the chromosomes carrying the genes for awn 
development 14 monosomic lines of Chinese Spring 
(CS) were crossed, as female parents, with two 
accessions of Triticum turgidum var. dicoccoides. 
Various awn expressions were found in crosses 
involving chromosomes 1A, 3A, 4A, 5A, 1B, 2B, 3B, 
5B, 6B and 7B. All monosomic F1 plants had awns 
approximately 1-3 cm in length with exceptions in 2A, 
7A (Td1055) and 4B, which were different from the 
expression of sister disomic F1 plants. The occurrence of 
fully awned progeny from crosses involving 
chromosomes 4A and 6B was expected because of the 
known awn inhibitors Hd and B2 and the awn-producing 
gene a1 in CS. Their appearance in crosses involving 
1A, 5A, 6A, 2B, 5B, and 7B was not expected on the 
basis of published information. Therefore it is assumed 
that, in T. dicoccoides, these chromosomes may carry 
other recessive awn-promoting allele (alleles) that 
effects (affect) the production of short awns. 
 
INTRODUCTION 
 
Aneuploidy refers to a condition in which the 
chromosomal number of the individual has been 
changed to some number other than an exact multiple of 
the basic euploid number. A nomenclature and 
description of aneuploids have been published by 
different authors (Kimber and Sears, 1968; Khush, 
1973;Youssef, 1979). The starting point for the use of 
aneuploid genetic analysis in wheat was the 
development of the nullisomic, monosomic, trisomic, 
tetrasomic and telosomic stocks by Sears (1954). 
Monosomics were developed by Sears (1939, 1944, 
1954), mainly by crossing a haploid plant, which was 
found in a progeny of a cross between Triticum 
aestivum, ‘Chinese Spring’ and Secale cereale, with 
pollen from euploid wheat. Most of the CS monosomics 
were found in derivatives of these plants. 
 
MATERIAL AND METHODS 
 
One accession of Triticum turgidum var. dicoccoides 
TA1055 was obtained from Kansas State University. In 
this study the tetraploid T. dicoccoides was used as the 
pollen source of resistance. 14 monosomic lines of 
Chinese Spring were used (1A-7A and 1B-7B) as the 
female parents. The monopentaploid F1 hybrids were 
grown to study awn expressions. 
 
RESULTS AND DISCUSSION 
 
Data on the effects of chromosomes on awn characters 
in each of the F2 monopentaploid lines are summarized 
in Table 1. Four types of awn expression were found in 
the F2 monopentaploid populations: (1) awnless; 
(2)hooded; (3) apically awned, if short awnlets were 
present near the base of the spike and the length of awns 
increased towards the apex, usually the upper half being 
almost fully awned; and (4) awned, when the spike was 
fully awned. 
 
The segregation of awn expression in all of the F2 
monopentaploid lines was almost similar except in CS 
mono-4A and CS mono-6B, where the number of fully 
awned phenotypes was greater than the four other 
monopentaploid lines. F1 monopentaploid analysis 
showed that the two genotypes, CS and Td1055, differ 
only by the genes on chromosomes 4A and 6B. This is 
probably due to the dominant genes Hd and B2 (on 
chromosomes 4A and 6B respectively) that inhibit awn 
development in CS. Neither of the genes, Hd or B2, 
inhibit awns on their own or in heterozygous condition 
(Worland et al., 1987). The results in the F1 
monopentaploid lines indicated that if one of the genes 
(Hd or B2) was absent and the other gene was 
heterozygous (monopentaploid-4A and monopentaploid-
6B), the plants were fully awned and in other cases, the 
plants were awnless, tip-awned or awnletted, depending 
on their genotype. The results of the F2 monopentaploid 
segregation in this study agree with the findings of 
Watkins and Ellerton (1940) who postulated that if: 1) 
either of the dominant genes Hd, B1 (CS does not carry 
this gene and one dose of B1 still produces awnless 
plants) and B2 were in the homozygous state the plants 
would be awnless; 2) if homozygous for only one 
dominant pair it would be tip-awned (B2); and 3) if two 
were homozygous recessive the plants would be fully 
awned. The possible genotypes segregating in the F2 
monopentaploid lines from these crosses can be 
tentatively indicated as follows: 
Chinese Spring: HdHd B2B2 (awnless) 
Td1055: hdhd b2b2 (fully awned) 
CS mono-4A X Td1055: hdhd B2B2, hdhd B2b2, hdhd 
b2b2, hd- B2B2, hd- B2b2,hd-b2b2, - - B2B2, - - b2b2,, - -B2b2 
CS mono-6B X Td1055: HdHd b2b2, Hdhd b2b2, HdHd 
b2 -, Hdhd b2 -, HdHd - -, Hdhd - - 
Other CS monosomics X Td1055: HdHd B2B2,, HdHd 
B2b2, hdhd b2b2, Hdhd B2B2, hdhd B2-, Hdhd B2b2, hdhd 
B2B2,, hdhd - -, hdhd B2b2, HdHd b2b2, Hdhd b2b2, 
hdhdb2b2 
(hd - indicates hemizygous for this gene, - - indicates 
nullisomic ) 
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Table 1: Segregation for awns in monopentaploid F2 
populations from crosses between Chinese Spring 
monosomic lines and T. dicoccoides accession Td1055 
Chromosome 
involved 
Awn development1 
Full. Apic.  Hooded Awnless 
1A 
2A 
3A 
4A 
5A 
6A 
7A 
1B 
2B 
3B 
4B 
5B 
6B 
7B 
5 
8 
7 
12 
7 
6 
5 
6 
4 
6 
7 
4 
10 
13 
5 
6 
4 
4 
2 
4 
6 
4 
7 
6 
4 
6 
2 
9 
4 
7 
4 
1 
6 
4 
3 
3 
4 
4 
3 
5 
6 
7 
4 
12 
5 
3 
16 
5 
4 
4 
5 
3 
5 
5 
2 
13 
Total 100 69 61 86 
1) full. = fully awned; apic. = apically awned 
 
The excess number of fully awned plants in CS mono-
4A X Td1055 and CS mono-6B X Td1055 can be 
explained as follows:  
 
According to the results of the F1 monopentaploid 
plants, it is assumed that Hd or B2, or both together, are 
either non-epistatic or partially epistatic to awn promoter 
genes on chromosomes 1A, 1B, 2A, 2B, 5A, 5B, 6A and 
7B in T. dicoccoides. However these awn promoter 
genes on some T. dicoccoides chromosomes may be 
expressed in monopentaploid F1 hybrids because of the 
absence of the Chinese Spring chromosome, which may 
carry an awn inhibitor gene.  
 
In the F2 plants from the cross CS mono-4A X Td1055, 
the dominant gene Hd is absent and the genotypes may 
be hemizygous for hd or homozygous recessive (hdhd) 
or nullisomic and B2 may be homozygous dominant 
(B2B2), heterozygous (B2b2) or homozygous recessive 
(b2b2). 
 
In the CS mono-6B X Td1055 cross the gene B2 is 
absent and the genotypes may be hemizygous b2 or 
homozygous recessive, or nullisomic and Hd is 
homozygous dominant (HdHd), heterozygous (Hdhd) or 
homozygous recessive (hdhd). Therefore the frequency 
of genotypes with either homozygous Hd or B2 in CS 
mono-4A X Td1055 and CS mono-6B X Td1055 is 
lower than in other monopentaploid lines. These states 
will not occur in all of the plants of other 
monopentaploid lines. Therefore it was expected that 
most of the plants in the CS mono-4A X Td1055 and CS 
mono-6B X Td1055 would be fully awned. This 
confirmed that these two lines were monosomic for 
chromosomes 4A and 6B. 
REFERENCES 
 
Kimber, G., and Sears, E. R. 1968. Nomenclature for the 
description of aneuploids in Triticinae. In “Proc. 
3rd. Int. Wheat Genet. Symp.” (K. W. Findley and 
K. W. Shepherd, eds.), pp. 468-473. Aust. Acad. 
Sci., Canberra Australia. 
Youssef, G. 1979. Production of aneuploid and 
substitution series in Egyptian spring wheat cv. 
Giza 144 for their use in quality analysis, 
University of Agricultural Science, Upsala, 
Sweden. 
Sears, E. R. 1939. Cytogenetics studies with polyploid 
species of wheat. I. Chromosomal aberrations in 
the progeny of a haploid of Triticum Vulgare. 
Genetics 24, 509-523. 
Sears, E. R. 1944. Cytogenetic studies with polyploid 
species of wheat. II. Additional chromosomal 
aberrations in Triticum Vulgare. Genetics 29, 232-
246. 
Sears, E. R. 1954. The aneuploids of common wheat. 
Mo. Agric. Exp. Stn. Bull. 572, 159. 
Khush, G. S. 1973. “Cytogenetics of aneuploids,” 
Academic  Press, New York. 
Watkins, A. E., and Ellerton, S. 1940. Variation and 
genetics of the awn in Triticum. J. Genet. 40, 243-
270. 
Worland, A. J., Gale, M. D., and Law, C. N. 1987. 
Wheat genetics. In “Wheat breeding” (F. G. H. 
Lupton, ed.), pp. 129-172. Chapman and Hall, 
London, New York. 
 
 
